Background: It is understood from the recent experimental studies that prompt/resonant breakup, and transfer followed by breakup in the weakly bound 6,7 Li-induced reactions play a significant role in the complete-incomplete fusion (CF-ICF), suppression/enhancement in the fusion cross section around the Coulomb barrier.
I. INTRODUCTION
A number of theoretical and experimental investigations have been carried out in the recent years to disentangle the breakup mechanism of weakly bound projectiles, predominantly in the 6, 7 Li ions consisting of α-particle + triton (t)/deuteron (d) cluster structure with a separation energy of 2.47/1.47 MeV, respectively [1] [2] [3] [4] [5] [6] [7] . Dominance of large α-yields from the non-elastic breakup (NEBU) compared to the elastic breakup (EBU) has been observed in the 6, 7 Li projectiles [2] .
Breakup of 7 Li projectile may be possible through the following: (i) excitation of relatively long lived resonant state in the projectile continuum followed by its decay into an α-particle + t, termed as sequential breakup, (ii) direct breakup without any intermediate resonant state, and (iii) breakup into 6 He + p and 5 He + d configuration and subsequently fusion of 6 He or 5 He as a massive transfer process [3, 4] . Moreover, transfer of nucleon followed by breakup has also been reported where α + α or α + d breakup occurred after the proton (p) pickup by the projectile or neutron (n) transfer from the projectile ( 7 Li). However, it is also reported that the α + α events from one proton pickup is less probable compared to the α + d events from one neutron stripping and/or α + t event from the direct breakup of 7 Li in the 7 Li + 93 Nb reactions at energies close to Coulomb barrier [5, 6] . Further, Parkar et al. [7] concluded that α-ICF/α-capture is less probable compare to triton(t)-ICF/t-capture for 7 Li induced reactions on 209 Bi and 198 Pt targets.
In order to explore the breakup threshold anomaly, several 6, 7 Li induced reactions on the light, medium and heavy mass nuclei has been performed around the Coulomb barrier [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . In many light mass nuclei such as 27 Al, 28 Si, 24 Mg, 64 Ni etc., slight enhancement, but no suppression in the total fusion (TF) cross section was observed below and above the barrier using 6,7 Li beam [8] [9] [10] , respectively. Similarly, Pietro et al. [11] reported the enhancement in the TF cross section below the barrier and no suppression above it in 6,7 Li + 64 Zn, contrary to Gomes et al. [12] . We have observed a significant enhancement in cross section in the α-emitting channels of 7 Li + nat Mo reaction which is attributed to the incomplete fusion (ICF) slightly above the Coulomb barrier [13] . A significant enhancement and suppression of the complete fusion (CF) cross section below and above the barrier was also reported comparing with the coupled channel calculations in [18] . Investigation of the CF and ICF from the product residues in 7 Li + 56 Fe reaction was examined by observing inclusive light particle spectra along with recoil range distribution of residual products [19] .
Recently, we have reported the cross sections of the residual radionuclides produced in the 7 Li + 93 Nb reaction in the 20-45 MeV energy range [20] . As a part of our continuous endeavor, in this article for the first time, a critical analysis of the proton and α-emitting channels of the 7 Li + 93 Nb reaction has been reported that indicates the signature of ICF little above the Coulomb barrier.
II. EXPERIMENTAL
The experiment was performed at the BARC-TIFR Pelletron facility, Mumbai, India. the bombardment (EOB), identification of the radionuclides produced at each irradiated target foils was carried out using γ-ray spectrometry with the help of an HPGe detector and the GENIE-2K software. The yield of the identified residues was determined from the background subtracted peak area count rate. Yields were calculated for each characteristic γ-peak of the residues observed in the time resolved γ-ray spectra taken over a long period of time with intervals to assure the complete decay profile of a residual product and were further utilized for the cross section estimation. Detailed discussion of experimental procedure, yield measurement, cross section calculations and associated uncertainties are described elsewhere in our previous articles [20] [21] [22] [23] [24] [25] [26] .
III. MODEL CALCULATION
In order to extract information on the nuclear reaction processes involved in the production of residues via different reaction channels in 7 Li-induced reaction on 93 Nb target, theoretical model calculations have been executed using the upgraded version of nuclear reaction model codes: Alice14 [28] and EMPIRE3.2 [27] . Hybrid Monte Carlo Simulation 4 (HMS) [28] and Weisskopf-Ewing model (WE) [29] were utilized for preequilibrium and equilibrium processes in Alice14. Two different level densities such as Fermi gas model (FG) and Kataria Ramamurthy (KR) were used for cross section estimation. Level density parameter, k = 9 and mean free path parameter, λ = 1.5 was used in the calculation. On the other hand, EMPIRE uses Hauser-Feshbach formalism (HF) for compound evaporation and the exciton model (EM) with Iwamoto Harada cluster emission model was selected for precompound processes. For heavy-ion induced reactions, simplified coupled channel calculation (CCFUS code) [30] was implemented for the fusion process. Generalized superfluid model (GSM) and enhanced generalized superfluid model (EGSM) was chosen for the nuclear level density, which include the dependence of rotation and vibrational effects on level density.
Ignatyuk energy-dependent level density parameter, which considers the dependence of shell effects on the excitation energy, was used in the GSM and EGSM. More details on the models used in the EMPIRE code is described in the articles [20, 31] .
IV. RESULTS
It is worthy to note that in our previous article [20] , cross sections of all the identified residues: 97 Ru, 95 Ru, 96 Tc, 95 Tc, 93m Mo were reported and compared with the theoretical model calculations using PACE4, EMPIRE3.2 and Alice91 in order to extract information about nuclear reaction dynamics such as PEQ and EQ emissions, etc. In this report, a systematic analysis of CF-ICF cross section of α-particle and proton emitting channels of The measured excitation function, the sum of cross sections of the Ru radioisotopes populated via xn channels, are well reproduced by HF + EM calculations with the EGSM level density (Fig 1) . However, WE + HMS calculations accomplished using two different level density options-Fermi gas (FG) and Kataria Ramamurthy (KR) level density follow a different trend relative to the measured data. On the other hand, in the pxn channels (Fig 2) 
Since one or two neuron emissions are more favorable in comparison to the p3n-channel, one of the production routes of 93m Mo radionuclides discussed later in Eq.2, in the low energy region; it is speculated that the ICF routes play a significant role in the enhancement of Tc isotopes within 20-30 MeV energy range (Fig 2) . Analysis of ICF and incomplete fusion fraction, (F ICF ), has been made within 20-30 MeV energy range (Fig 3) , as is discussed later in this section. A substantial amount of ICF was observed over CF, particularly towards lower energy region, and ICF fraction is found to increase with increasing projectile energies.
The measured excitation function of while the HF + EM estimations underpredict them except some exception at the low energy range. Total (ground + isomeric) theoretical cross section of 93 Mo has also been plotted corresponding to both EGSM and GSM as described in our previous article [20] where in comparison with Alice91 and PACE4 was also depicted.
Scrutinizing the previous [20] and present comparative analysis of the theoretical model calculations with the experimental results (Figs. 1, 2 
Moreover, ICF of α-particle with target nucleus 93 Nb may also be possible as described in react is the total theoretical reaction cross section which is equivalent to theoretical fusion cross section in this case [13] . The increasing trend of ICF fraction of 93m Mo with increasing projectile energies was observed within 4.5-6.5 MeV/nucleon energy in the 7 Li + 93 Nb, similar to that observed in other weakly bound and α-cluster projectiles [13, 32, 33] .
However, the short half-lives of the residual radionuclides, or production of stable isotopes could not be identified with this method; hence the ICF corresponding to these missing channels can not be determined. Thus, the computed ICF cross section ( Fig. 5(a) ) may be considered as the lower limit of ICF for the 7 Li + 93 Nb reaction in the α-emitting channels. and α-emitting channels was observed compare to the EMPIRE estimation with the EGSM level density using the same set of parameters, which excellently reproduce the xn, and pxnchannels towards higher energy region within experimental uncertainties. The enhancement in the 95,96 Tc and 93m Mo production may be attributed to ICF due to the projectile ( 7 Li) breakup into α-particle + t, or α + α and α-particle + d following transfer processes between 
